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A CORRELATION OF EARLY RADIATION CHANGES IN LYMPHATIC TISSUES
WITH ANTITOXIN-PRODUCING ABILITY
Investigations concerning the sites of antibody formation have been under-
way for a number of years. Due to the difficulty that has been encountered,
many approaches have been used. These have included surgical removal of
portions of the organism, tissue culture, lymphatic canulation, attempts to
overload the phagocytic system, studies of antibody content of local sites of
immunization, partial shielding from radiation effects, and correlation of
histology with antibody rise.
Recently Hale and Stoner" by intraocular transplantation techniques
have demonstrated the production of antibodies by transplants of spleen,
lymph node, thymus, and Peyer's patch in the anterior chamber of mice
eyes. Oakley and co-workers"'1' have demonstrated antibody production by
local sites of injection of alum-precipitated diphtheria and tetanus toxoid
by transplanting what is apparently from their gross description a granu-
loma. This is consistent with the findings of Hartley'6 and his illustration of
a local macrophage reaction at injection sites.
This evidence has resulted in three concepts of the cells of origin of
antibodies. It is interesting that these concepts are not necessarily exclusive
of one another. One group supported primarily by Dougherty, Chase, and
White'6'" and earlier by Harris and Harris' and co-workers7"' suggest
that the lymphocytes form or transport antibodies' and may even be
responsible for maintenance of normal serum globulin. Habel," however,
in 1949 still felt that the immunological evidence for the lymphocyte
production of antibodies should be considered incomplete.
More convincing evidence accumulated by Fagraeus," Keuning and van
der Slikke," Darcy,' and Ehrich and co-workers,8 and others' suggests the
plasma cell as either the site of origin or means of transportation of anti-
bodies. Fagraeus, however, has pointed out the importance of a more
undifferentiated cell, the "transitional" cell, by morphological studies.
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Antibody production by means of the reticulo-endothelial system has
long been suggested, though, as stated by Roberts in 1953,' the conclusive
experiment has not been done. Localization of particulate and dye com-
bined antigens in cells of the reticulo-endothelial system has been well
established by Sabin,'M Gabrieli,' and others. Utilizing fluorescent conju-
gated antibodies, Coons and co-workers8' 7' 8 have illustrated the localization
of antigens in macrophages of the spleen, lymph nodes, in Kupfer cells,
lung septal cells, and in endothelium. It would seem from their work that
the only cell type which invariably fixes antigen is the reticulo-endothelial
phagocyte, even at low dosage and for a long period (75 days). Antigen
was detectable in lymphocytes for only one week. The work of Hartley'
and Oakley' re-emphasizes that phagocytic cells are capable of antibody
production.
In this report* we haven correlated the morphological changes in
lymphatic tissues with the ability of the animal to produce tetanus antitoxin
following irradiation and' correlated the change in orphology of the thymus
of old mice with the increase in ability of thymic transplants from old mice
to produce antitoxin. The present work points out the ability of the cells of
the reticuloendothelial and/or phagocytic system to produce antibodies.
METHODS AND MATERIALS
Highly inbred Swiss albino, infection-free mice maintained in our own colony
(W.M.H.) were used in each of these experiments. Animals utilized for determining
the antitoxin-producing ability were given 0.05 ml. alum-precipitated tetanus toxoid
subcutaneously as their primary stimulus 21 days prior to the secondary stimulus of
0.05 ml. fluid tetanus toxoid. The mice were one to two and a half months old with an
equal distribution of age ranges in each group. Blood was collected ten days following
the secondary stimulus and the pooled serum titrated in the manner previously
described."
Animals utilized for the histological study of the radiation changes were from the
same colony and all approximately two months old. The animals were autopsied at
time intervals following irradiation. Tissues were fixed in Zenker's acetate, sectioned
by the paraffin method and stained with H & E and Giemsa.
Whole-body radiation was delivered by a cobalt-60 gamma source. The dosage,
650 rep, is less than the L.D.5o 30 days which is 750 rep for our animals.
EXPERIMENTAL
The first experiment was designed to test the effect of gamma irradiation
upon the antitoxin response to the secondary stimulus. The mice were
divided into eight groups of thirty mice each. One group was irradiated at
* Presented in part at the American Society for Experimental Pathology section of
the Federation of American Societies for Experimental Biology, April, 1955.
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each of the following periods: two days, one day, twelve hours, six hours,
and one hour prior to the secondary stimulus and six hours, one day, and
three days after the secondary stimulus. The animals were bled ten days
following the intra-peritoneal secondary stimulus, and titrations were per-
formed as previously described.'3 The results are shown in Chart 1. For the
histological studies two animals
irradiation as follows: thirty
minutes, one hour, and hourly
intervals thereafter for ten
hours. Tissues were fixed in
Zenker's acetate, paraffin sec-
tioned, and stained with H &
E and Giemsa.
The amount of antibody
produced, as shown in Chart 1,
indicates that there is rela-
tively little difference between
irradiation given two days be-
fore the secondary stimulus
and irradiation given six hours
before the secondary stimulus.
Irradiation given six hours
prior to the secondary stimulus
results in the minimal response
of the animals. Irradiation at
one hour prior to the sec-
ondary stimulus results in a
four-fold increase over the
amount of antibodies pro,
were autopsied at twelve periods following
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CHART 1. The primary stimulus was given by
injecting 0.05 ml. of alum-precipitated tetanus
toxoid subcutaneously.
The secondary stimulus was due to the injec-
tion of 0.05 ml. fluid toxoid intra-abdominally.
The interval between the two stimuli was
28 days.
duced by the group irradiated six hours before. This would indicate
that the one- to six-hour period is a critical time during which metabolic
changes are taking place in the cells which produce antibodies. This,
however, is dependent upon the assumption that the reaction stimulated
by the antigen takes place immediately, or completely within the first
six hours. Since it is believed that antibodies are not produced in response
to a secondary stimulus within the first six hours, we may assume that
morphological changes occurring during this six-hour period are of negligi-
ble effect upon antibody production. It appears then that it is the early
changes occurring during this period and becoming more marked within the
next several hours that are of fundamental importance in determining those
cells which produce antibodies. It is important also to point out that
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metabolic changes within the cell undoubtedly precede morphological
changes.
The morphological studies of lymphatic tissues, proven to produce anti-
bodies, during this early post-irradiation period, should, therefore, indicate
important changes taking place within cells that produce antibodies. Figure
1 illustrates early changes taking place within the axillary lymph node of
a mouse one hour after 650 rep. Focally there is necrosis of lymphocytes
and plasma cells as demonstrated by chromatin clumping and karyorrhexis.
Figure 2 illustrates the progression of this necrosis at seven hours after
irradiation. There are few recognizable mature lymphocytes remaining. The
morphologically earlier
ANTIBODY FORMATION BYINTRAOCULAR THYMIC TRANMANTS- changes of nuclear swell-
COMPARISON OF YOUNG AND OLD DONORS ing and karyolysis are
YOUNG THYMS GIVEN occurring within more
20 - STHYMUSPIMARY undifferentiated cells, 20 Eao
YOLM ~~~~~~~~~~~~~~~~~~~TIMUUS ONLY * STIMUWS ONLY the phagocytic or retic-
ci wn OLD THYMUS GIVEN J 15
- e 2ND STIMUWS I.V. uloendothelial cells.
EJ3OLD TIMUUS-PRIMRY Figure 3, showing the
m RADIATED CONTROLS spleen at three hours 5.GIVEN 2NDSTlUS lafter irradiation, illus-
trates again the marked
early changes occurring
CHART 2. in the lymphocytes and
plasma cells and the
earlier degenerative changes occurring in cells of the phagocytic system.
This is more dramatically illustrated in Figure 4 where even the nuclear
debris of the lymphocytes at nine hours after irradiation has practically
been removed.
The changes in the thymus, though occurring an hour or so later than
the changes of the spleen and lymph nodes, still show the early necrosis of
the mature lymphocytes or thymocytes and the minimal changes within the
cells of the reticuloendothelial system. These are illustrated in Figure 5 at
two hours and Figure 6 at eleven hours.
This series of photographs demonstrates the typical changes which take
place as a result of 650 rep gamma irradiation in our animals. Usually
there is early and complete necrosis of lymphocytes and plasma cells. The
cells which are affected during the time period in which antibodies are
produced are those more undifferentiated cells of the phagocytic or
reticuloendothelial system.
In the second series of experiments it was noted that transplants in the
anterior chamber of irradiated recipients varied in their ability to produce
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FIG. 1 (above). Axillary lymph node (x200, giemsa stain) one hour following 650
rep gamma irradiation. One focus of necrosis of lymphocytes with nuclear swelling of
reticuloendothelial cells.
FIG. 2 (below). Axillary lymph node (x200, giemsa stain) seven hours following
irradiation. Necrosis of mature lymphocytes with phagocytosis of nuclear debris and
early nuclear swelling of reticuloendothelial cells.
.Jw
AeFIG. 3 (above). Spleen (x200, giemsa stain) three hours following irradiation.
Note again karyorrhexis of lymphocytes and nuclear ballooning of stromal cells.
FIG. 4 (below). Spleen (x200, giemsa stain) nine hours following irradiation. Note
absence of mature lymphocytes, phagocytosis of nuclear debris with partial removal,
and extensive nuclear swelling of reticuloendothelial cells.FIG. 5 (above). Thymus (xlOO, giemnsa stain) two hours following irradiation. Note
again necrosis of thymocytes and earlier nuclear swelling of stromal cells.
FI(. 6 (below). Thymnus (xlOO, giemsa stain) eleven hours following irradiation.
MIore extensive necrosis of cortical thymnocytes.FIG. 7 (above). Normal thymus (x20, giemsa stain) of two-month-old mouse. Note
regular scattering of thymocytes throughout cortex.
FIG. 8 (below). Normal thymus (xlOO, H&E stain) of 15-month-old mouse. Note
prominence of stromal cells with only foci of thymocytes remaining and fat infiltration
of cortex.Radiation lesions and antitoxin production I WILLIAMS, STONER, HALE
antitoxin depending upon the age of the donor mouse. Chart 2 illustrates
the typical results of one experiment in which more antitoxin is produced
by the older mice, regardless of whether the animals received a primary or
secondary challenge. Transplants from older donors always produce as
much, and usually more, antitoxin as do transplants from younger donors.
Figure 7 illustrates the normal cortical/medullary ratio in a young mouse
(two months) in which the cortex is filled with mature lymphocytes or
thymocytes. Figure 8 illustrates the aging changes of the thymus in a
fifteen-month old mouse. Here the lymphocytes are absent from the cortical
region leaving only the more undifferentiated cells to be transplanted. This
again illustrates that an absence of mature lymphocytes, or thymocytes,
does not interfere with the ability to produce antitoxin.
DISCUSSION
The metabolic changes which influence the production of antibodies occur
following the first six hours after irradiation. The mature lymphocytes and
plasma cells that have been said to be the sites of antibody production have
usually undergone complete necrosis within this six-hour period. The early
changes reflecting the interference with antitoxin production are occurring
in the cells of the phagocytic or reticuloendothelial system. This is also
reflected in studies of age involution in the thymus where it is seen that
the absence of mature cells does not interfere with antitoxin production.
With these techniques we have not, however, been able to assess the role of
lymphocytes and plasma cells in antibody production.
Terminology of these undifferentiated cells is confused. The stromal cells
are classified under the reticuloendothelial system as defined by Aschoff'
and later discussed by Marshall,' though their ability to accept the silver
stain is altered somewhat by irradiation. The ability of these cells to phago-
cytize is established by the presence of nuclear debris within the cytoplasm
of many of these cells. Evans and Scott9 in their well-illustrated description
of the two cell types within connective tissue illustrated that even the fibro-
blast will take up or phagocytize vital dyes under conditions of excess load.
Our concept of these cells which have the ability to produce antibody is
that while they are members of the reticuloendothelial system, most of them
have the ability to phagocytize under the proper stimulus. We believe that
these represent a multipotential cell which may differentiate into a "transi-
tional" cell and thence into a lymphocyte, plasma cell, or a phagocytic cell
under the proper stimulus.
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CONCLUSION
These experiments correlate (i) the morphological changes in lymphatic
tissues following gamma irradiation with the alteration in ability of the
animal to produce antitoxin and (ii) the morphology of aging of the thymus
with its increasing ability to produce antitoxin in transplants. We believe
we have demonstrated the ability of undifferentiated cells of the reticulo-
endothelial system to produce antibodies in the absence of mature
lymphocytes or plasma cells.
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